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Abstract
W-vibe neuromuscular control ankle rehabilitation device is designed based on the principle of a single leg stance
activity. It aims to enhance the balancing level of the individuals and re-establishing neuromuscular control for ankle
injuries. This type of training may also be useful for preventing injuries in people with “healthy” ankles. Single leg
stance is very importance in preventing and rehabilitation for healthy, re-injury and injured ankle. For high
performance sports, it needs to be carried out at the early stage to avoid injury. Most games needs players with high
balancing level for example soccer, rugby, gymnastic, tennis, boxing etc. W-vibe neuromuscular control ankle
technology device needs the respondent to maintain balance-that is, to attempt to make all balance correction using
the dynamic ankle joint stabilizers only, while repositioning the arms, hips and knees as little as possible. Therefore
the goal of this project is to develop a compact, simple structure and efficient rehabilitation device for ankle sprain
patient to train both exercise and rehabilitation training for neuromuscular control. This w-vibe neuromuscular
control ankle rehabilitation device analysis was using Finite Element analysis (FE) to test the safety and reliability of
the device. The result shows that this tool is safe for further application.
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1. Introduction
Ankle ligamentous sprain injury is the most common single type of acute sport trauma16,19. Over the years,
various preventive strategies have been implemented; however, a recent epidemiology revealed that ankles sprains
injury still dominated in sport injury16. Therefore, sports rehabilitation is an important part of treating sports
injuries10. A rehabilitation program aims to return the injured body part to normal function by gradually introducing
it to movement and exercise20. With most sport injuries, it helps to move the injured part as soon as possible to help
speed up the healing process. Gentle exercise should help improve the area’s range of motion. As movement
becomes easier and the pain decreases, stretching and strengthening exercises can be introduced. This is also
supported by Steven J Anderson who says that effective treatment depends on an accurate diagnosis. Treatment must
work to decrease pain, promote healing and restore normal function. Treatment and rehabilitation can be organized
in sequential stages with each stage composed of specific goal and tasks. Progression to later stages of rehabilitation
is contingent on successful completion of the goals and tasks for each stage. However, conventional rehabilitation
with physiotherapist are labor intensive 2, 3, expensive and lack of objective assessment as well as quantitative
diagnosis and evaluation2,3,6. This led to the shortage of physiotherapist due to large number of patients. Besides,
ankle sprain patients will be discharge once they are mobile, even though their lower limbs are not recovered9,10, thus
ankle sprain patients are still unable to play sports again independently after rehabilitation in hospital. There are
several well-known advanced rehabilitation robots available in the market7,8 which are able to improve the
rehabilitation training. However, these existing robots are generally focus on one degree of freedoms (DOF) that
make the system can only produce one type of movement and not worth the high price for a movement7,8. Most of
the rehabilitation centers and hospitals could not afford the high cost rehabilitation device due to limited funding and
no domestic product. Rehabilitation device are developed because of its capability to provide repetitive and
consistent training movement6,7,8. They are proven to improve the motor recovery for the ankle sprain patients to
train further by simulating the real-world situation through neuromuscular control ankle rehabilitation device and
apps android16,17,18. However, the robots need not be so complex because most of the patients in neuromuscular
control stage can only move within moderate range of motion. It would be beneficial if a rehabilitation device with a
few DOF can be designed to train for the stability and balancing movement, which is one of the important training
movements for ankle sprain patient2,3,5,6. Therefore, the goal of this project is to developed a compact, simple
structure and efficient rehabilitation device to train the stability and balancing movement for lower limbs
2. Existing product for neuromuscular control ankle technology device
2.1 I Joy Human Touch Board
I Joy Human Touch Board was portable motorized fitness machine offers a revolutionary way to enjoy
exercise. I Joy Human Touch Board is designed with a unique tri-axis motion system called Pitching, Rolling and
Yawing. These movements are designed to exercise and challenge core muscles, specifically three different groups
in the lumbar region (back and buttocks) abdominals and inner thigh muscles. The weakness of this tool is that it can
only move in vibrating mode and it does not focus on neuromuscular control ankle activities.
2.2 Biodex Balance System SD
The Biodex Balance System SD has been designed to meet the needs of to improve balance, increase
agility, develop muscle tone and treat a wide variety of pathologies. The Balance System SD is simple to learn and
operate, leading the user step-by-step through testing protocols and training modes in both static and dynamic
formats. However, the existence of these tools only focuses on older patient and no wobble and vibration movement
mode. This tool is also difficult to carry around.
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3. Rehabilitation device description
3.1 System Overview
Fig.1 Shows that overview of the system, where the movement and speed information from apps android
will be sent to Arduino microcontroller via Bluetooth. The information will be sent directly to the rehabilitation
device to be processed and result will be shown on the apps android screen. After the data is processed, the apps
android will send back the command to microcontroller through serial communication to control the motor
accordingly.
Fig 1: System overview
3.2 Rehabilitation device prototype
Fig.2 shows the prototype of the rehabilitation device with apps android display set up. The whole system
consists of Minitab, Bluetooth device, Laptop and Rehabilitation device. The figure illustrates the movement being
trained with the rehabilitation device, moving vibration front to back, left to right and moving wobble. The
rehabilitation device will display the apps android time off and total time while the patient is training their ankle.
The movement consists of 3 levels of difficulties (slow, medium and fast) and can be adjusted to fit different
patient’s recovery status. At the same time, the rehabilitation device will record the training data of the patient such
as electromyography and nerve conduction study on laptop to provide internal objective assessment.
This rehabilitation device can be trained in different set – ups for different kind of activity movements. It is
called hybrid because combining two elements in one device. The two elements were vibration mode and wobble
mode. As shown in the figure 3, the rehabilitation device can be trained for vibration movement, where this
movement was a useful tool to increase the stability in functionally unstable ankles .Whole body vibration was
promising treatment method for patients with acute unstable ankle inversion sprain. Besides that, by just press the
apps button, the platform also can do a wobble movement, where these movements help balance training program.
Balance training program can reduce the risk of ankle sprains.
Fig 2: Rehabilitation device was tested by healthy subject
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3.2 Portability
The developed rehabilitation device is portable and easy to be set up. Fig 4 shows the overall components
of the rehabilitation device. The device component consists of the base frame, platform frame, inversion-eversion
mechanism and dorsi-plantar flexion mechanism. The rehabilitation device can be easily set up in five steps as
shown in figure 4. Step 1 is to set up the device, and then step 2 is to calibrate the platform to be fit flat. Step 3 and 4
to choose type of motion and speed. Finally, step 5 to press the button start.
3.3 Control strategies
The motor moves based on time delay. For slow movement, time taken for one complete cycle is 1second.
For medium speed movement is 0.7 second and 0.6 second for fast movement. We can obtain the frequency of the
motor using f = 1/s. Where f is frequency or rate of motor cycle (Hz) and s is the time taken for one complete motor
cycle (s). Therefore, for slow movement the frequency is 1 Hz, while medium and fast movement is 1.43 Hz and
1.67 Hz respectively. Therefore, this robot is sufficient to perform normal movement for human ankle, as the
minimum requirement of speed is 1 second. It coincides with an effective control strategy and tailored to each
patient’s needs and abilities.
4. Result
4.1 Finite element analysis
In this research, Finite Element Analysis (FE) is used to evaluate the structural analysis of this device
before continue to prototyping process. Generally, this device consists of four major parts; the base frame, platform
frame, inversion-eversion mechanism and dorsi-plantar flexion mechanism. The 3D models for each part were
created and simulated in SolidWorks® to determine the safety factor for this device.
Fig 3: Different rehabilitation device set-ups, a) Main menu, b) Vibration movement (left to right); Vibration
movement (front to back); Wobble movement, c) Speed control (slow, medium and fast).
Fig 4: Rehabilitation device components set-up
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Table 1. Three types of load exerted on the platform
Rehabilitation device Load (N)
(a)  Both Side platform
(b) Right Side platform ( Without Shaft )
1000 N
2000 N
(c) Left Side platform ( With Shaft ) 2000 N
4.2 Boundary condition
Figure 5(a) shows the overall boundary condition applied in the FE simulation. In this simulation, each part
was applied with plain carbon steel material which had Young's modulus, E of 220.6 MPa. The purple arrow in
Figure 5(a), 5(b) and 5(c) indicates the interaction of surface-to-surface whereby each surface of the jointing parts
was assigned with rigid body condition to prevent the penetration. Meanwhile, the green arrow represents the fixed
constraint boundary condition for the base in order to prevent any uncalled movement during the simulation.
Referring to Figure 5(a), there are two area of the load applied on the platform, where it represents as the footstep
position of the subject standing on the platform. Therefore, each load area was applied with 1000 N respectively to
having total ideal load, of 2000 N. Furthermore, for figure 5(b) 2000 N has been granted on the right side platform
(without shaft) of the device and for figure 5(c) 2000 N has been granted on left side platform (with shaft) of the
device. In sequence to mimic the actual condition where a subject standing on the platform, the total of 2000 N of
load,   was applied on the platform as shown in Figure 5(a),5(b) and 5(c). It is assume that the maximum load allow
for particular subject to standing on the platform is 2000N which equivalent to 200kg of subject weight.
4.3 Maximum Stress
Figure 6 shows FE simulation results of stress distribution on the device. As shown in Figure 6(a), the
centre of the platform indicated the maximum stress of 78.8 MPa. Comparing the yield strength and maximum stress
obtained in this simulation, the maximum stress result is not critical where it is not exceeding the 220.6 MPa of yield
strength of the material. Next, for the figure 6(b) also shows that the centre of the platform indicated the maximum
stress of 172.3 MPa and the maximum stress result is not critical where it is not exceeding the 220.6 MPa of yield
a)1000N                                               b) 2000N                                                  c) 2000N
Fig 5: Illustration of boundary condition for the FE simulation, integration and constraints applied (purple arrow)
and load acting on the platform (green arrow).
a) 1000 N b) 2000 N c) 2000 N
Fig 6 : Stress distribution on the device.
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strength of the material. Finally the last figure 6(c) shows the maximum stress was 95.5 MPa and the maximum
stress was in the left platform. All diagram shows that Max Von Misses tool not more that the yield strength of
220.6 MPa. Hence, it shows that the material selection and platform design was good enough to sustaining the total
load given.
4.4 Maximum deflection
Figure 7(a) shows the deformation results of the device based on FE simulation. The maximum deflection
was indicated at the end of the right edge with the deflection of 0.67 mm as shown in Figure 7(a). For figure 7(b) the
maximum deflection was indicated at the end of the right edge with the deflection of 0.16 mm as shown in figure
7(b) and figure 7(c) the maximum deflection was indicated at the end of the left edge with the deflection of 0.25
mm. Comparing the deformation occur between right and left edge, the left edge deformed less because this area has
been supported with shaft from inversion-eversion mechanism. Based on the yield strength and maximum stress
values, the deformation occur in this study can be categories as elastic deformation where the platform will return to
its original shape when the applied load been removed.
4.5 Safety factors
The safety factor results of the device based on Von Misses failure theory is shown in Figure 8. It is
obtained that, the minimum safety factor for this device were 2.8 (Figure 8a) 5.42 (Figure 8b) and 5.47 (Figure 8c).
The results shows that the device structure able to sustain the given load without failure. As a result, the material
selection and structural design for this device is sufficient for the rehabilitation activities.
a) 1000 N b)  2000 N c)  2000 N
Fig 7: The FE simulation results of the deformation on the device.
a) 1000 N b) 2000 N c) 2000 N
Fig 8: The safety factor results based on Von Misses failure theory.
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5. Discussion
According to the analysis of present w-vibe neuromuscular control ankle technology device, it parallel
with the issues needs to be considered on the design of ankle rehabilitation robotics.
5.1 Safety and reliability
The safety factor is very important for issues involving the use of rehabilitation technology device1,2,3. It
should be taken into account so that users do not face any danger when using rehabilitation technology device.
According to Mingming et.al (2013), not much attention has been paid to the technologies of human robot
symbiosis to date because almost all robots have been designed and constructed on the assumptions that the
robots are physically separated from humans8,9,10. Therefore, there should be a rehabilitation technology device
created to meet human needs.
5.2 Control strategies
Good adaptable in control is necessary to meet different people’s requirements. There is no reason to
believe that a “one-size-fits-all” optimal treatment exists8,9,10. In other words therapy should be tailored to each
patient’s needs and abilities. Therefore, w-vibe neuromuscular control ankle technology device have 3 types of
movement and speed can be adjusted according to the ability of patient's level. The movement and speed of
rehabilitation technology device were control through apps android.
5.3 Designing a proper mechanism
Mechanism is the main structure of robot, which determines the basic character of the rehabilitation
devices. The proposed mechanism should have sufficient degree of freedom, highly dependable operation and
high dexterity. Rotary center of the mechanism should coincide with the ankle joint in work process. The
mechanism should be reconfigurable to meet different requirement of different people4,5,6.
5.4 Optimal ankle therapy
Ankle rehabilitation robot should run smoothly and in reliability, has a simple structure and inefficient
in control, and suitable to home or clinic use2,3,4. Just as w-vibe neuromuscular control ankle rehabilitation
technology device is designed in compact and portable for easy to carry around. In addition, these rehabilitation
technology devices also have all type of movement ankle rehabilitation exercise such as inversion-eversion
movement, dorsi-plantar flexion movement and wobble movement.
7.0 Conclusion
This paper described the development of a novel hybrid rehabilitation device that able to perform exercise
and rehabilitation training for both vibration and wobble movement with integrated apps android system. The design
of rehabilitation robot that carried out has been completed as well successful and finished with final detailed design
drawing and consist of analyses on every critical parts at the motor system especially the critical shafts, also the
selection of the materials used that depends on design criteria. For rehabilitation device most of the part where use
plain carbon steel material and these device sufficient for the rehabilitation activity. The paper presented a novel
hybrid rehabilitation device design that integrated vibration and wobble movement into a single device.
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